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Abstract 
The purpose of this paper is to synthesize all the feasible designs of massage mechanisms (including DOF=2 
and 3) for the massage chair, based on the modified Yan’s creative design methodology. First, the topological 
structure and motion characteristics of existing massage mechanisms are analyzed and its design requirements and 
constraints are specified mechanisms with beating and kneading functions are mechanisms with 2 degrees of 
freedom (DOF). Then, 14 design concepts are generated. One of the design concepts is curried cut, including 
kinematic design, engineering drawing, and the prototype manufacture. The simulation result showed that new 
design can produce a wider range of non-uniform output motion than the extiting design. 
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1. Introduction 
Due to busy lifestyles in modern days, insufficient time for sports leads to physical illness. Recently, because of the 
rising economic level and health awareness, the concept of “Health Protection” is well-known. The massage chair is one of 
the most popular health products. The action of the massage chair is to mimic the massage therapist. With the progress of the 
society, the demands of the massage chair became more diversified. When people lie on the massage chair, they can enjoy 
the massage pressure to eliminate muscle fatigue, relieve pressure, and relax. 
In general, there are two different modes of the massage chairs, like beating massage and kneading massage, and both 
of them promote the body health. The massage mechanism can be a planar mechanism [1-2] or spatial mechanism [3-5]. 
This paper focuses on the systematic design of spatial massage mechanism which provides beating massage and kneading 
massage, including the concept design, the kinematic analysis, the engineering drawing, engineering design and manufacture 
of a prototype. First, we analyze the topological structure and motion characteristics of the existing massage mechanisms and 
conclude its design requirements and constraints. All existing massage mechanisms with beating and kneading functions are 
mechanisms with 2 degrees of freedom (DOF). The purpose of this paper is to synthesize all the feasible designs of massage 
mechanisms (including DOF =2 and DOF =3). Then, based on the design requirements and constraints also modified Yan’s 
creative design methodology [6-11], we can synthesize all feasible design concepts of massage-mechanisms for the massage 
chair. Therefore, one design concept is chosen for the engineering design and prototype manufacture. The beating and 
kneading massage traces of this new design is simulated by “Cosmos” software to verify the new feasibility of design. 
2. Existing Designs 
Before implementing an innovative design, the structure of the massage mechanism must be collected and analyzed 
from academic papers, catalogues, and technical reports. Based on the analysis results, the massage mechanism can be 
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classified as the planar mechanism or spatial mechanism. Fig. 1 shows the patent [1] which is the planar mechanism and 
provides the kneading massage. 
  
Fig. 1 Improvement structure of massage chair [1] 
Fig. 2 shows the patent [3] which is a spatial mechanism and provides the beating and kneading massages. Fig. 2(c) 
shows its corresponding kinematic skeleton. According to Fig. 2, the mechanism has 6 links and 6 joints (5 revolute pairs 
and 1 spherical pair) and belongs to the spatial mechanism. In the 1st input motion, link 2 provides a beating function and in 
the 2nd input motion, link 6 provides a kneading function. 
   
(a) Beating massage (b) kneading massage (c) kinematic skeleton 
Fig. 2 Improved Double Drive System of Massage chair [3] 
The mobility of the spatial mechanism can be obtained by following Eq. (1). 
F 6( ) iN J I f      (1) 
where N is the number of links, J is number of joints, and fi is the degrees of freedom of joint i. The mechanism shown in Fig. 
2 has 6 links, 6 joints (5 revolute pairs and 1 spherical pair), according to the equation of mobility, we get: 
6( ) 6(6 6 1) 8 2F N J I f
i
         
 (2) 
3. Creative Mechanism Design Methodology 
The design concept is the initial stage of the engineering design process and also the most difficult part. All existing 
massage mechanisms with beating and kneading functions are mechanisms with 2 degrees of freedoms (DOF). The purpose 
of this paper is to synthesize all the feasible designs of the massage mechanism (including DOF =2 and DOF =3). For the 
mechanisms with 3 DOF, there must be 1 redundant degree of freedom. There is no existing mechanism DOF =3) which can 
provide beating massage and kneading massage, therefore, Yan’s creative design methodology [6-10] must be modified. Fig. 
3 shows the modification of Yan’s creative design methodology, and the steps are as follows: 
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Fig. 3 Modified Yan’s creative design methodology [7] 
(1) Identify the existing designs (DOF =2) with required design specifications that designers would like to have, and 
conclude the topological characteristics of these designs. 
(2) According to the topological characteristics, identify the mobility of the mechanism and its corresponding link and joint 
types. 
(3) Synthesize the atlas of generalized chains that can be used to design massage mechanism with beating and kneading 
massages for the massage chair. 
(4) Assign types of members and joints to each generalized chain obtained in Step 3, to have the atlas of feasible specialized 
chains based on the algorithm of specialization to meet needed design requirements and constraints. 
(5) Particularize each feasible specialized chain obtained from Step 4 to its corresponding kinematic skeleton, to have the 
atlas of massage mechanism with beating and kneading massages for the massage chair. 
3.1.   Topological characteristics 
The first step of the modified creative design methodology is to define the design specifications of mechanical devices 
that design engineers would like to generate. If there is no special consideration, the degree of freedom of a mechanism is 
equal to the number of independent inputs for the constraint motion. If the degree of freedom is larger than the number of 
independent inputs, in general, the mechanism will have unconstraint motion. Nevertheless, if the excess degree of freedom 
is the redundant degree of freedom, it will not affect the moving of other links, the mechanism will still have constraint 
motion and will still be useful. 
The purpose of this paper is to invent the massage mechanism with 2 and 3 degrees of freedoms (DOF) to provide 
beating and kneading functions. In this paper, we only concern the mechanism with revolute and spherical pairs. According 
to Eq. (1), if N=6, J=6, JR=5, and JS=1, the corresponding generalized chain (6, 6) has 2 degrees of freedom. And, according 
to Eq. (1), if N=5, J=5, JR =3, and JS =2, the corresponding generalized chain (5, 5) has 3 degrees of freedom. The results are 
shown in Table 1. 
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Table 1 Taxonomy of Swarm-based routing protocols 
Degrees of freedom 
(F) 
Number of 
links (N) 
Number of 
joints (J) 
Number of revolute pairs 
(JR) 
Number of spherical 
pairs (JS) 
2 6 6 5 1 
3 5 5 3 2 
Next, the massage mechanisms with beating and kneading functions should have the following topological 
characteristics: 
(1) It must be a spatial mechanism (l = 6). 
(2) It must have 2 input links and 1 output link (massage link). 
(3) It has a ground link to support or constrain other links. 
(4) The joints are constrained to be revolute and spherical pairs. 
(5) For the mechanism with 2 DOF, it will have at least 1 spherical pair. 
(6) For the mechanism with 3 DOF, it will have at least 2 spherical pairs. 
3.2.   Atlas of generalized chain 
  
(a) (5, 5) generalized chain (b) (6, 6) generalized chain 
Fig. 4 Generalized chains for massage mechanism 
The second step of the modified creative design methodology is to synthesize all possible generalized chains which can 
be used to synthesize the desired mechanism. There is only 1 generalized chain with 5 links and 5 joints and only 1 
generalized chain with 6 links and 6 joints. Fig. 4 shows the generalized chains for massage mechanisms. 
3.3.   Design requirements and design constraints 
Design requirements and constraints are determined based on the concluded topological structures. The design 
requirements and constraints of massage mechanisms for massage chair are: 
(1) There must be a ground link (GR), first input link for kneading function (I1), second input link for beating function (I2), 
output link (massage link) (OM). 
(2) The ground link (GR) must be adjacent to 2 input links (I1 and I2) with revolute pairs. 
(3) The ground link (GR) cannot be incident to spherical pair. 
(4) The output link (OM) can’t be incident to 2 spherical pairs at the same time. 
(5) For the mechanism with 2 DOF, (6, 6) generalized chain must have 5 joints (JR) and 1 spherical pair (JS). 
(6) For the mechanism with 2 DOF, (5, 5) generalized chain must have 3 joints (JR) and 2 spherical pairs (JR). 
(7) For the mechanism with 3 DOF, 2 spherical pairs must be adjacent and cause 1 redundant degree of freedom. 
3.4.   Specialization 
The third step of the modified creative design methodology is to assign specific types of members and joints to each 
available kinematic chain, subject to certain design requirements to have specialized chains. The specializing steps for 
massage mechanism are: 
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(1) For each generalized chain, identify the ground link (GR) for all possible cases. There are 2 possible identifications as 
shown in Figs. 5(a) and 5(b). 
(2) For each case obtained in step 1, identify the first input link (kneading function) (I1) and the second input link (beating 
function) (I2). For the specialized chains as shown in Figs. 5(a) and 5(b), based on the design requirements, there are 2 
possible identifications show in Figs. 6(a) and 6(b). 
(3) For each case obtained in Step 2, identify the output link (massage link OM). For the specialized chains shown in Figs. 5 
(a) and 5(b), based on the design requirements, there are 5 possible identifications show in Figs. 7(a)-7(e) 
(4) For each case obtained in Step 3, identify the corresponding revolute pairs (denoted by ○) and spherical pairs (denoted 
by ●). For (5, 5) generalized chain, there are 2 feasible specialized chains shown in Figs. 8(a) and 8(b). For (6, 6) 
generalized chain, there are 12 feasible specialized chains shown in Figs. 9(a)-9(e). 
  
(a) (b) 
Fig. 5 Identify ground link (GR) 
  
(a) (b) 
Fig. 6 Identify first input link (kneading function) (I1) and second input link (beating function) (I2) 
  
   
(a) (b) (c) (d) (e) 
Fig. 7 Identify Output link (massage link) (OM) 
  
(a) (b) 
Fig. 8 Atlas of feasible specialized chain of (5, 5) generalized chain 
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(a) (b) (c) (d) (e) (f) 
      
(g) (i) (j) (k) (l) (m) 
Fig. 9 Atlas of feasible specialized chain of (6, 6) generalized chain 
3.5.   Particularization 
  
(a) (b) 
Fig. 10 Atlas of feasible massage mechanisms of (5, 5) generalized chain 
    
(a) (b) (c) (d) 
 
   
(e) (f) (g) (h) 
    
(i) (j) (k) (l) 
Fig. 11 Atlas of feasible designs for massage mechanism of (6, 6) generalized chain 
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For each feasible specialized chain, it can be particularized into its corresponding kinematic skeleton.  Particularization 
is the reverse process of generalization and can be done by applying the generalizing rules in reverse order. Figs. 10(a) and 
10(b) show 2 feasible massage mechanisms of (5, 5) generalized chain and Figs. 11(a)-11(l) show 12 feasible massage 
mechanisms of (6, 6) generalized chain. The design concept, shown Fig. 11(a), is the same as the existing design in Fig. 2. 
Therefore, only 11 new designs are synthesized from (6, 6) generalized chain and 2 new designs are synthesized from (5, 5) 
generalized chain. In this paper, we synthesize 13 new designs of massage mechanisms for the massage chair. 
4. Engineering Design and Dynamic Simulation 
After an innovative design, the next step is engineering design. Due to the reason of manufacture cost, Fig.10 (a) is 
selected as a design example to carry out, and its solid model is drawn and shown in Fig. 12. Fig. 13 shows its trace which is 
simulated by “Cosmos”. Table 2 shows the comparisons of existing design and new design. According to Table 2, we get 
that new design has larger massage trace than the existing design. If we adjust the initial phase of the kneading input, the 
range of massage trace will become smaller. Table 2 also shows that if the initial phase of the kneading input is increased 7⁰, 
the corresponding kneading trace is almost close to the existing design. Fig. 14 ~16 shows the traces of the new design, 
respectly. 
 
Fig. 12 Engineering drawing of the design concept shown in Fig. 10(a) 
  
(a) Projection on XY plane (b) Projection on XZ plane 
Fig. 13 Kneading trace of upper roller 
Table 2 The comparisons of existing design and new design 
Kneading 
massage 
Dispalcement Location 
Existing Design 
(Initial phase 0) 
New design 
(Initial phase 0) 
New design 
(Initial phase 7 of 
kneading input) 
X  
Upper roller 2(mm) 2(mm) 2(mm) 
Lower roller 2(mm) 8(mm) 2(mm) 
Y  
Upper roller 7(mm) 11(mm) 7(mm) 
Lower roller 7(mm) 11(mm) 7(mm) 
Z  
Upper roller 21(mm) 41(mm) 22(mm) 
Lower roller 33(mm) 50(mm) 33(mm) 
Beating 
massage 
X  
Upper roller 2(mm) 2(mm)  
Lower roller 2(mm) 8(mm)  
Y 
Upper roller 10(mm) 11(mm)  
Lower roller 10(mm) 11(mm)  
Z  
Upper roller 1(mm) 1(mm)  
Lower roller 1(mm) 1(mm)  
Ｘ-Ｙ 平面軌跡圖
126
128
130
132
134
136
138
140
179 181 183 185 187 189 191 193
Ｘ
Ｙ
Ｚ-Ｙ平面軌跡圖
108
113
118
123
128
133
138
143
148
153
158
-85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35
Z
Y
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(a) Projection on XY plane (b) Projection on XZ plane 
Fig. 14 Kneading trace of lower roller 
  
(a) Projection on XY plane (b) Projection on XZ plane 
Fig. 15 Beating trace of upper roller 
  
(a) Projection on XY plane (b) Projection on XZ plane 
Fig. 16 Beating trace of lower roller 
5. Conclusions 
In this paper, the new designs of massage mechanisms have been generated by the systematic design methodology. First, 
the design requirements and design constraints are summarized based on existing designs. Then, according to modified 
Yan’s design methodology, 13 new design concepts synthesized. One of the new design concepts is selected as a design 
example and verified by kinematic simulation. The simulation result showed that the new design can produced a wider range 
of non-uniform output motion than the existing design. 
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